F
oR the past 1~ years in our clinic, determinations of intravascular pressure have been carried out, in a nun> ber of patients undergoing gradual ligation of the common carotid artery for the treatment of intraerania] ancurysms, particularly those situated on the internal carotid artery. These measurements have been made at the time of application of the clamp to determine the per-cent reduction in pressure in the distal carotid system following occlusion of the proximal common caroti(l artery. In general, it has been found that patients with a considerable reduction in pressure, e.g., 60 per cent or greater, require a longer period for closure of the clamp and are more likely' to have a neurologic complication as a result of ligation than patients with less reduction in pressure, tlowever, the relationship of reduction in pressure to lhe rate of neurologic complications has not always been as predicted. For inslanee, we have observed serious neurologic complications as a result, of closure of the claml) in patients with a reduction in pressure less than 40 per cent and, contrariwise, patients in whom the reduction in pressure has been as high as 70 per cenl have tolerated gradual closure without difficulty.
It is felt that all accurate knowledge of blood flow through the carotid artery 1o be ligated might provide more information regarding the change in intracranial circulatory dynamics attendant upon carotid liga-* This study was supported in part by a grant (t1-5640) from the U. S. Public Health Service.
t Research Fellow (HPD 17,669), National Hear! Institute, U. S. Public Health Service. tion than measurements of pressure alone. For this reason the following study which correlates change in distal intravascular pressure with changes in the blood flow during graded occlusion of the carotid artery was undertaken.
CASE MATERIAL AND METHOD Observations were made in 18 patients undergoing surgery on the carotid vessels in the neck. Fifteen of the patients were men and 3 were women. Their ages ranged from 30 to 68 years. Ill li patients, the disscction of the neck and ext)osure of the carotid artery were carried out in order to apt)ly a Crutchfield clamp to the vessel so thai subsequent graded ligation could be performed. The diagnosis ill this group consisted of intracranial congenital aneurvsm in ll cases and l)osttrauxnatic carotid-cavernous fistula in 1 patient. Of the remaining 6 patients, 3 had primary brain tumors and S had tumors of lhe alveolar ridge and/or tonsillar fossa. Exposure of the carotid vessels in these patients was done ill order to place a polyethylene catheter in the superior thyroid artery so that an infusion of cancer-chemotherapy drug could be administered. In patients undergoing infusion for advanced neoplastic disease of the alveolar ridge and tonsillar fossa, the tip of the catheter was threaded into the external carotid artery to prevent spill-over of the drug into the internal carotid artery. In patients with brain tumors, the catheter was inserted into the superior thyroid artery and the remaining branches of the external carol id artery were ligated. In each of these 3 cases craniotomy and generous subtotal 917 resection of the tumor had been performed. The type of tumor in these 3 patients consisted of glioblastoma multiforme in e cases and an ependymoblastoma in 1 case. Patients in whom there was marked impairment in the level of consciousness or striking neurologic deficit were not included in this study.
The surgical procedure was carried out using local anesthesia in 10 cases and general anesthesia in the remaining 8 cases. The exposure of the carotid vessels inchlded a 3-to 4-cm. segment of the common carotid artery proximal to the bifurcation, tim carotid bifurcation, and the proximal portions of both the external and internal carotid arteries. A polyethylene catheter that would take an 18-gauge needle was inserted into the superior thyroid artery and secured with a ligature. The catheter was connected to a Statham transducer which was used to measure the intravascular pressure. The systolic and diastolic pressures for all patients were converted to mean pressure by adding one-third of the pulse pressure to the diastolic pressure.
Blood flow was measured using a square-wave electromagnetic flownxeter (Carolina Medical Electronics, Winston-Salem, N. C.). Flow was measured from the intact but exposed vessels by applying the probe of the flowlneter about the artery. Both mean and pulsatile rates of flow were recorded in each patient. The output of both the flowmeter aml the Statham transducer was fed into a Honeywell recorder. This recorder utilizes an optical recording system and its time of response is more than adequate for the measuremerits reported herein.
A Crutchfield clamp was applied to the common carotid artery proximal to the probe and left in a fully open position. Base-line measurements of flow and pressure were then obtained simultaneously over a period of 4 to 5 min. Proximal occlusion of the conunon carotid artery was performed several times with smooth forceps to obtain the per-cent reduction in distal intravascular pressure and to reaffirm the base line of the flowmeter record (with the probe on the common carotid artery, proximal occlusion of the vessel results in a fall to zero since there is no fow). The Crutchfield clamp was closed slowly, proceeding by 1-turn increments until the slightest change in distal flow and/or pressure was noted. When this occurred, the clanlp was then closed by 89 or 1_ turn increments until zero flow was reached. Sufficient time was allowed after each adjustment of the clamp for the residual flow and pressure to stabilize. The clamp was opened in a similar manner, measurement of flow and pressure being recorded at each setting of the clamp. During the step-wise closure and opening of the clamp, zero stability of the flowmeter was checked frequently by proximal occlusion of the comlnon carotid artery with smooth forceps.
Flow in the internal carotid artery was determined by measuring flow in the common carotid during occlusion of the external carotid artery. Flow in the external carotid was measured in a similar manner but with occlusion of the internal carotid artery. In 1 patient (E.D., Table ~ ) the flow in the internal carotid artery was obtained by applying a probe about this vessel.
In 3 patients, flow was measured in the external carotid artery by placing a probe directly about this vessel. This measurement was carried out specifically to determine the direction of blood flow in the external carotid artery following occlusion of the common carotid artery as Hardesty et al. 6 have shown a reversal of flow in the internal carotid artery in a significant number of patients following temporary occlusion of the common carotid artery.
Following completion of these measurements, which usually require 11 to ~ hours, the intended surgical procedure then was accomplished and the wound was closed in anatomical layers.
RESULTS

A. Blood Flow in Common Carotid Artery.
The results are shown in Table 1 . Since the flow varied slightly with respirations, the range in cc./min, over a 4-to 5-miu. period of observation is given for each patient. These values represent the rate of flow in the unobstructed common carotid artery. There was considerable variation in rates of flow 
